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an extended version of Bergmann´s rule to the intraspecifi c level and due to the obvious differences in the mechanisms that may generate these gradients, Blackburn et al. (1999) suggested naming this pattern as "Jame's rule".
Bergmann´s and Jame´s rules have found strong support in several studies for homeotherms (Roberts 1978 , Meiri & Dayan 2003 , Blackburn & Hawkins 2004 ). However, contradictory results have been obtained in ectotherms (Blanckenhorn & Demont 2004) . For example, individuals of the cricket Melanoplus sanguinipes (Fabricius) and species of geometrid moths are larger in lower altitudes (Mousseau 1997 , Brehm & Fiedler 2004 ; specimens of the frog Rana temporaria (L.) and these of the dragonfly Enallagma cyathigerum (Charpentier) show a not linear but concave latitude-body size relationship (Johansson 2003 , Laugen et al. 2005 ; in neotropical butterfl ies larger specimens are found at intermediate altitudes (Hawkins & DeVries 1996) ; in other cases, the changes observed in body size are directly related with latitude while are negatively related with altitude (Arnett & Gottelli 1999) .
Despite the interest generated by these patterns and their presence in several taxa, not a single explanatory mechanism can be postulated due to obvious intrinsic differences between the organisms (i. e., homeotherms vs poikilotherms) and to the differences in the environmental challenges faced by them (Partridge & Coyne 1997 , Blackburn et al. 1999 , Blanckenhorn & Demont 2004 , Brehm & Fiedler 2004 . In some cases classic environmental factors such as temperature or latitude are claimed as responsible while in others factors such as daylight length, season length, and development temperature are defi ned as infl uential.
There are several studies with ants that explore the relationship between latitude, altitude, and either colony size or body size; Kaspari & Vargo (1995) , for example, found that extreme latitudes hold larger colonies and they explained this as a strategy to survive winter starvation. This explanation is known as the endurance hypothesis and found support from Heinze et al. (2003) paper where worker size in Leptothorax acervorum (Fabricius) decreases but colony size increases with latitude. Porter & Hawkins (2001) however, questioned the application of these results to all social insects. We are unaware of papers studying Jame´s rule (or Bergmann´s rule in an extended sense) in social wasps despite that there are several species with wide altitudinal and latitudinal ranges.
On the other hand, size variation of body parts along a gradient does not have to follow an uniform trend because species habits and environmental conditions can determine stronger selective regimes that restrict the variation degree in some structures over others (Stern & Emlen 1999 , Hodkinson 2005 ). Studies about Bergmann´s or Jame´s rules have been characterized by using just one structure as body size reference but these do not look at the proportional changes among individual parts (Hawkins & DeVries 1996 , Mousseau 1997 , Arnett & Gottelli 1999 , Brehm & Fiedler 2004 . It is possible that, in addition to a general body size change, there is reallocation of resources generating opposite body part tendencies along the gradient or body part size adjustments according to environmental challenges (Hilton et al. 2000) . For example, low atmospheric pressure has been identifi ed as an explanation for larger wing size in fl ying insects (Hodkinson 2005 , Dillon et al. 2006 ; if additionally, a body size reduction with altitude was identified, we may expect a larger proportion of resources allocated for structures linked to fl ying and thus, a proportional increase in their size.
Vespids are generalist predators that forage along large areas searching for prey to feed their larvae; colony success depends mostly on the capacity of the foragers to find food, even to the level that strong selection for fast forager production was identifi ed (Jeanne & Morgan 1992) ; an increase in forager number will regulate the average food intake to the colony and, thus, success chances (Karsai & Wenzel 1998) . Consequently, fl ying structures will be very important in species survival.
Here we studied morphometric changes in a social wasp species along an altitudinal gradient. We explore both body size and proportional changes in body parts sizes such as head, mesosoma, wings, legs, and metasoma. We found that in addition to a reduction in body size with altitude, the opposite of Jame´s rule, there is a proportional increase in size for parts related with fl ying such as wings and mesosoma. This paper concurs with these authors that questions Jame´s rule application for ectotherms in general and for social insects in particular.
Materials and Methods
Agelaia pallipes (Olivier) is a swarm-founding social wasp species found from Costa Rica to northern Argentina north (Richards 1978) ; in Colombia this is a common species in high mountain forests up to 3380 m of altitude, and it is very abundant in the study area. Nests are ovoid, of about 50 cm of maximum diameter; combs are surrounded by an envelope composed by several irregular layers. Colonies can hold up to 16,500 individuals. Nests can be found either exposed or within trunk holes (Sarmiento 1993) .
This study was conducted in the Santuario Nacional de Flora y Fauna de Iguaque (5º25'N 73º27'W approx.) where the higher records for this species were found. This national park is of about 6,750 ha. Altitudes range between 2400 and 3800 m.a.s.l. Temperatures around the 2800 m level range between 4ºC and 12ºC. Most of the park is composed by cloud forest and paramo. All wasps collected (7-36 individuals per site) with malaise traps between mid February and mid March 2001 were measured. We restrict our data to a one month maximum span only to reduce the effect of season on body size (Aguirre and Sarmiento in prep). Sampling was conducted in fi ve sites as follows: Cabaña Chaina (2600 m), Cabaña Carrizal (2850 m), Cerro Pan de Azúcar, (3300 m), Quebrada Carrizal, (3350 m), and Lagunillas (3380 m).
Morphometric measurements of female wasps were taken by means of a stereoscope equipped with a micrometric grid. Ten data were collected on each wasp: head width (hw), head length (hl), mesoscutum width (mw), mesosoma height (mh), mesosoma length (ml), hind femur length (fl ), 2nd metasomal tergite length (T2l), 2nd metasomal tergite width (T2w), fore wing length (fwl) and fore wing width (fww). Fore wing measurements were taken for wasps from two altitudes only (2600 m and 3380 m) (Fig. 1) . We identifi ed and excluded outlier specimens by visual inspection of plots of pairs of variables.
Samples were compared with a multivariate ANOVA (MANOVA) analysis. P value was obtained with the WilksLambda test ( = 0.05). These analyses were carried out with the statistical software SAS (SAS 1985) . Additionally, we compared morphometric changes among samples controlling the general size effect (Somers 1986 ). To do this we exclude fore wing measurements. After a principal component analysis via correlation matrix, we choose the measurement that better describes the general size of the animal, then, we build up a new matrix with the residuals of the regression analyses between that measurement and the other seven structures studied. These analyses were conducted with the software STATISTICA (StatSoft 2001). The new data matrix was used to conduct a new MANOVA analysis as described before. To describe the relationship between altitude and measurements, we carry out Spearman rank correlation and quadratic regression analyses for both unmodifi ed data and residuals. Regressions were conducted with the software STATISTICA (StatSoft 2001). Length and width of the fore wing from extreme altitudes (2600-3380 m) were compared by means of a MANOVA as described above. In every analysis we tested for the fulfi llment of the statistical tests requirements.
Results
The PCA analysis indicated that 2 nd metasomal tergite length (T2l) differs from all others (Fig. 2a) ; we considered that this difference is due to the diffi culty to determine the exact length of that structure; thus, we remove it from the posterior analyses.
The fi rst component of the PCA, excluding the 2 nd metasomal tergite length (T2l), explains about 57% of the variation; the more infl uential variables were head width (hw) and hind femur length (fl ) both with a factor contribution of about 0.21. The second component explains about 12% of the variation and the more infl uential variable for this factor was mesoscutum width (mw) with a contribution of 0.79 (Fig. 2b) .
There was an effect of the altitude among samples in both cases, with the unmodifi ed data (F 28 = 4.62, P < 0.0001) and with the residuals (F 28 = 2.09, P = 0.005). For the unmodifi ed data the effect of the altitude was signifi cant for every structure but when we used the residuals, only 2 nd metasomal tergite width (T2w) and head length (hl) were signifi cant (Table 1) ; we did not found a clear pattern to explain these differences (Fig. 3) All quadratic regressions had lower fit to data than linear regressions and thus are not discussed here. With the exception of mesoscutum width (mw), the slope of the regressions between altitude and the other seven variables was negative; however, only three of these were signifi cant as follows: mesosoma height (r = -0.27, P = 0.007), hind femur length (r = -0.30, P = 0.003), and head width (r = -0.23, P = 0.025) (Figs. 4a-c) . The sample from 3350 m was signifi cantly smaller than the others; however the removal of these specimens did not alter the general patterns observed. Interestingly, samples from higher altitudes have larger variation than samples from lower altitudes (Fig. 5) .
The slopes of the regressions with the residuals of fi ve measurements were negative but in no case were these signifi cant. The slopes for the regressions with mesosoma height and 2 nd metasomal tergite width were positive and close to signifi cance (Figs. 4e-f) . Wing measurements were different between the two extreme altitudes considered (MANOVA, F 14 = 7.24, P = 0.007) with the wings larger for the individuals from higher altitudes (wing length x = 12.85, wing width x = 4.28) than those from lower heights (wing length x = 12.31, wing width x = 4.14) (Fig. 6) . 
Discussion
PCA analysis indicated that most of the structures follow a similar trend with both hind femur length and head width being the most infl uential. Similar results were obtained in other studies (Orr 1996 , Mousseau 1997 ; these results suggest that future general body size studies with this wasp species may use any of these structures as indicators.
As in many other studies with insect species (Mousseau 1997) , A. pallipes (Olivier) follows the inverse of Jame´s rule. The mechanism to explain this result for insect species in temperate regions involves growing season length.
However this may not be the case for a multivoltine species such as a social wasp in high mountain Andes where seasons with continuous freezing temperatures do not occur. In fact, Anguilleta & Dunham (2003) reported that the body sizetemperature relationship is much more complex. We suggest that our results may be due to a combination of both strong pressure of the colony for foragers and low food intake. Paramo and cloud forest ecosystems are known by the high amount of rain and cloudy conditions which are negative for wasps foraging activity. These factors may force the individuals to complete their life cycle with a smaller body size.
In addition to the complex physiological responses of insects to near freezing temperatures (Sinclair et al. 2003) , fl ying species may suffer a double negative effect of this factor that limits foraging: in the fi rst place, it increases the energy requirements to obtain the minimal body temperature for fl ying; in the second place, temperatures may reach an extreme minimum that effectively reduces the total fl ying time available (Kingsolver 1985 , Hodkinson 2005 . For a wasp colony these changes may mean a reduction in the amount of food brought to the brood and, thus, either a reduction in individual body size or a reduction in colony number. We have no data on colony size along altitudinal gradients but we found a general reduction in individual body size. There are also indications that this species adjusts worker body size according to rain amount (Aguirre & Sarmiento in prep) . On the other hand, larger variation in high elevation samples may result from the stronger variation in environmental conditions of high altitude Andes. Since a colony may have several adult cohorts, these may have different body sizes as a result of the different conditions experienced during development.
Two strategies have been identified to solve the challenges imposed by low temperatures in insects: fi rst insects reduce body size, and second, insects exhibit darker body coloration; both strategies may speed up solar energy intake (Hodkinson 2005 , Laugen et al. 2005 . We may expect that darkening will be more noticeable on the mesosoma where fl ying organs are located. The mesoscutum of A. pallipes (Olivier) presents a brown coloration with two yellow longitudinal medial bands. We compared the proportion of these two colorations on the mesoscutum but we did not fi nd differences between the populations of the extreme altitudes measured (2600 m and 3380 m) (Anova F 1, 20 = 1.60, P = 0.22); however, it was evident to us that wasps from higher altitudes have darker both brown and yellow colorations. Perhaps a photometric analysis may allow a quantitative approach to this problem. Another possibility is that foragers cope with heating temperatures adjusting their fl ying behavior as demonstrated for other insects (Dillon et al. 2006) Interestingly, an increase in the size of measurements was associated with flying structures. The residuals of both mesosoma height and mesoscutum width followed a positive trend which may indicate a larger mesosomal cavity and possibly a larger muscular mass (Snodgrass 1935) . Additionally, individuals from higher areas have larger wings than individuals from lower areas (F 2, 14 = 7.24, P = 0.007). These results agree with literature references that insects from higher altitudes compensate for the greater fl ying diffi culties, due to lower air density, with an increase in wing size and fl ying strength (Hilton et al. 2000 , Hodkinson 2005 , Dillon et al. 2006 The two described trends indicated that A. pallipes (Olivier) redistributed its resources to increase fl ying strength while reducing body size. These results suggest that species along either altitudinal or latitudinal gradients may experience complex processes rather than just a homogeneous reduction or increase in body size and, thus, call for taking a closer look to the effect of these environmental factors on species biology. In this sense, this paper concurs with the results of Hilton et al. (2000) who point out organ size adjustments following environmental challenges. 
